ABSTRACT feontinu* on reverse if necessary and identify by block number)
The problem of 'the decay rate for molecules at corrugated thin metal films is considered theoretically via a classical phenomenological approach by generalizing a previous theory for a single rough surface. In particular, numerical results are worked out in detail /for grating films with various possible arrangements of the two grating surfaces, and for both the cases with a supported and free-standing film. Effects due to/ross-coupling into the long-and short-range surface plasmons 
II. FORMALISM
The geometry of our problem is depicted in Fig. 1 , where we consider a two-level system (modeled by a dipole p) located at a distance z -d above a thin metal (taken as Ag) film bounded by two grating surfaces located at z -0 and z --t, respectively. Thus the profile functions take the simple forms
respectively, where we shall assume small corrugations (o.Q i << I) so that 5 1 perturbation theory can be applied. The optical properties of the three media are described by their dielectric functions, el C 2 -f'(w) + ic"(w) and f3' According to the classical phenomenological (CP) approach, we mus-t -r calculate the reflected field (E ) acting on the emitting dipole, which is then the cause of the induced decay, and we then obtain the normalized decay 2 L rate as
and q being the quantum yield of the emitting state, k (--) the emission wave number and 10 the decay rate for a free molecule. 
where denotes any vector on the xy-plane, 1I and 2 are Fourier transforms of Eq. (1), e is the Heaviside step function, and d v is the Fourier transform of the two-dimensional "flat propagator" obtained in Ref. 25 . E (0 ) in Eq. (4) denotes the total field for the dipole-substrate problem in the medium that contains z' for the case of a perfectly flat film, and expressions which, in terms of the Green dyadic, 26 have already been worked out in the literature by Chance, Prock and Silbey. 2 As pointed out before, 5 to evaluate the integral of 6(z') in Eq. (4) where E ( O) may be discontinuous across the boundary of the v films, one must adopt Agarwal's modifications 27 and not just take the mean value of the integrals at each side of the boundary. 24 It is straightforward to show that Agarwal's modifications to the theory of Maradudin and Mills 24 should be applicable to multilayered systems as well. Adopting further the normal incidence approximation (k(O) 0), which is good for shallow s o gratings, 5 we finally obtain the roughness contribution to the reflected field at the dipole site, given by (k -)
where I I and 12 are integrals given by: 
Note that the signs of a. and 3. must be carefully assigned so as to satisfy the boundary conditions for the fields at infinity. 
III. NUMERICAL RESULTS
Here we apply our general results in Sec. II to several film systems of interest, each of which has been studied previously in the literature for light-scattering properties.
A. Film with Only One Grating Surface
This system has recently been studied by Friar and coworkers 1 5 for the reflectance from an impinging plane wave. To investigate our decay-rate problem, we simply set 0 -0 in Eq. components of the film. Here various resonance peaks can be clearly observed 5 corresponding to the single-surface nonradiative transfer (-3.6 eV), the 2 22 flat-film interference resonance, and the morphology induced resonance due to the grating surface, respectively. 
C. Free-Standing Grating Film
This is the most efficient system for cross-coupling studies, since.the two surface plasmons are coupled for all energies in the case of plane-wave 21 incidence.
The fabrication of such a film has been described by Inagaki and coworkers. 1 3 For simplicity, we have assumed c1 -43
It is clearly seen from In fact, the peaks shown here for the decay-rate spectrum in Fig. 8 are not much different from those due to single-surface (thick-film) couplings (cf. Figs. 3 and 5) . Cross-coupling into the split modes of the long-and short-range surface plasmons can only be seen here if the film thickness is further decreased, as shown in Fig. 9 .
We would like to propose that for the observation of the peaks calculated in this present work, fluorescence experiments have to be performed in which the molecules are excited by a short-pulse laser and the emission 29 intensity is monitored by various time-resolved techniques. In this fashion, the decay rate values can then be deduced by assuming appropriate forms for the decay curves that fit the intensity data. In such experiments, the pulse width of the laser must be considerably shorter than the lifetimes (-1/7) of the admolecules, and the molecule decaying from its excited state (after being "pumped up" by the laser pulse) can then be modeled as a radiating dipole. 
8.
Calculation of the (total) decay-rate spectrum using the parameters given 
